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Summary
Background Small airways obstruction is a common feature of obstructive lung diseases. Research is scarce on small 
airways obstruction, its global prevalence, and risk factors. We aimed to estimate the prevalence of small airways 
obstruction, examine the associated risk factors, and compare the findings for two different spirometry parameters.

Methods The Burden of Obstructive Lung Disease study is a multinational cross-sectional study of 41 municipalities  
in 34 countries across all WHO regions. Adults aged 40 years or older who were not living in an institution were 
eligible to participate. To ensure a representative sample, participants were selected from a random sample of the 
population according to a predefined site-specific sampling strategy. We included participants' data in this study if 
they completed the core study questionnaire and had acceptable spirometry according to predefined quality 
criteria. We excluded participants with a contraindication for lung function testing. We defined small airways 
obstruction as either mean forced expiratory flow rate between 25% and 75% of the forced vital capacity (FEF25–75) 
less than the lower limit of normal or forced expiratory volume in 3 s to forced vital capacity ratio (FEV3/FVC ratio) 
less than the lower limit of normal. We estimated the prevalence of pre-bronchodilator (ie, before administration 
of 200 μg salbutamol) and post-bronchodilator (ie, after administration of 200 μg salbutamol) small airways 
obstruction for each site. To identify risk factors for small airways obstruction, we performed multivariable 
regression analyses within each site and pooled estimates using random-effects meta-analysis.

Findings 36 618 participants were recruited between Jan 2, 2003, and Dec 26, 2016. Data were collected from 
participants at recruitment. Of the recruited participants, 28 604 participants had acceptable spirometry and completed 
the core study questionnaire. Data were available for 26 443 participants for FEV3/FVC ratio and 25 961 participants 
for FEF25–75. Of the 26 443 participants included, 12 490 were men and 13 953 were women. Prevalence of 
pre-bronchodilator small airways obstruction ranged from 5% (34 of 624 participants) in Tartu, Estonia, to 34% 
(189 of 555 participants) in Mysore, India, for FEF25–75, and for FEV3/FVC ratio it ranged from 5% (31 of 684) in 
Riyadh, Saudi Arabia, to 31% (287 of 924) in Salzburg, Austria. Prevalence of post-bronchodilator small airways 
obstruction was universally lower. Risk factors significantly associated with FEV3/FVC ratio less than the lower limit 
of normal included increasing age, low BMI, active and passive smoking, low level of education, working in a dusty 
job for more than 10 years, previous tuberculosis, and family history of chronic obstructive pulmonary disease. 
Results were similar for FEF25–75, except for increasing age, which was associated with reduced odds of small airways 
obstruction.

Interpretation Despite the wide geographical variation, small airways obstruction is common and more prevalent 
than chronic airflow obstruction worldwide. Small airways obstruction shows the same risk factors as chronic airflow 
obstruction. However, further research is required to investigate whether small airways obstruction is also associated 
with respiratory symptoms and lung function decline.

Funding National Heart and Lung Institute and Wellcome Trust.

Copyright © 2022 The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY 4.0 license.

Introduction
The terms small airways obstruction, small airways 
dysfunction, and small airways disease are used 
interchangeably to describe a pathophysiology that 
occurs within airways of less than 2 mm diameter. 

Starting around the eighth generation of airway 
branching, the small airways contribute less than 10% to 
total airway resistance.1 However, in asthma and chronic 
obstructive pulmonary disease, the small airways are the 
predominant site of resistance, and both diseases are 
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associated with acute-on-chronic inflammation, mucus 
hyper secretion, and remodelling of the small airways.2 
In people with asthma, such changes have been 
associated with poor disease control, increased 
exacerbations, and decreased quality of life.3 In people 
with chronic obstructive pulmonary disease, these 
changes have been shown to be associated with perceived 
effect of the disease on health status and increased gas 
trapping.4,5

There is no gold-standard method to non-invasively 
assess the small airways. Functional tests include 
spirometry, impulse oscillometry, body plethysmography, 
and nitrogen washout, and imaging includes 
high-resolution CT and hyperpolarised MRI.6 Several 
spirometry parameters have been used to assess small 
airways obstruction, including the mean forced expiratory 

flow rate between 25% and 75% of the forced vital 
capacity (FEF25–75)7 and the forced expiratory volume in 3 s 
as a ratio of the forced vital capacity (FEV3/FVC ratio).8 In 
a review published in 2022, we found little consensus on 
the best spirometry parameter to use when measuring 
small airways obstruction.9 Although FEF25–75 is the most 
popular parameter, it is limited by high between-person 
variability,10 whereas the FEV3/FVC ratio is a more 
suitable alternative, but it is scarcely used.11

The rationale behind identifying small airways 
obstruction is its potential to act as a modifiable precursor 
to future obstructive lung disease.12 In the only 
comprehensive population-based study in adults, Xiao and 
colleagues13 estimated an overall prevalence of 43·5%, 
decreasing to 25·5% in adults with otherwise normal lung 
function (ie, isolated small airways obstruction). This study 

Research in context

Evidence before this study
We searched PubMed and Web of Science from database 
inception to July 26, 2022. We used a combination of medical 
subject headings and text words related to selected spirometry 
parameters and derivations of the phrase small airways 
obstruction. Search terms included: (“FEF25–75” OR “MMEF”, OR 
“FEV3/FVC” OR “FEF50” OR “FEF75”) AND (“small airways 
obstruction” OR “small airways disease” OR “small airways 
dysfunction” OR “peripheral airway disease” OR “distal airways 
obstruction”). We screened titles and abstracts of search results 
to identify publications relevant to our study aims. Most 
population-based studies used the mean forced expiratory flow 
rate between 25% and 75% of the forced vital capacity (FEF25–75) 
to assess small airways obstruction and there was no 
agreement regarding diagnostic criteria, with both percent 
predicted cutoffs and the lower limit of normal being used. Few 
studies reported prevalence of small airways obstruction as a 
primary outcome. Prevalence ranged from 7·5% to 45·9% and 
varied according to choice of spirometry parameter and world 
region. Prevalence estimates were generally higher for FEF25–75 
than forced expiratory volume in 3 s as a ratio of the forced vital 
capacity (FEV3/FVC ratio). Only two population-based studies, 
both in China, provided prevalence estimates and also 
presented associated risk factors for small airways obstruction. 
Prevalence estimates were different between these studies 
(7·5% vs 43·5%). Risk factors for small airways obstruction 
reported by these two studies included smoking, low BMI, 
increasing age, female sex, use of solid fuels for cooking or 
heating, low level of education, family history of chronic 
obstructive pulmonary disease, and passive smoke exposure. 
No population-based data exist regarding the prevalence and 
risk factors for small airways obstruction outside of China.

Added value of this study
To the best of our knowledge, this is the first study to estimate 
the prevalence of small airways obstruction across several 
world regions using a standardised protocol. Additionally, 

we investigated the association of small airways obstruction with 
several potential risk factors and examined these associations 
across regions. Our study shows that there is considerable 
variation in the prevalence of small airways obstruction 
worldwide, with small airways obstruction generally more 
common than chronic airflow obstruction (forced expiratory 
volume in 1 s as a ratio of forced vital capacity less than the lower 
limit of normal). Additionally, we have shown that prevalence 
estimates vary depending on the choice of spirometry parameter 
and world region. We have also identified a strong association 
between FEF25–75 and forced vital capacity, which could restrict its 
use in the assessment of small airways obstruction in comparison 
to FEV3/FVC ratio. We found significant associations of small 
airways obstruction with both active and passive smoking, BMI, 
age, education level, working in a dusty job for longer than 
10 years, a family history of chronic obstructive pulmonary 
disease, and a previous history of tuberculosis.

Implications of all the available evidence
Our study has shown that small airways obstruction is common 
in the general population. We have corroborated previous 
findings and identified additional risk factors for small airways 
obstruction. However, we have identified that prevalence 
estimates and associations can vary depending on which 
spirometry parameter is used. Although further research is 
needed, it is likely that FEF25–75 is unsuitable as a binary measure 
to classify the presence of small airways obstruction, due to its 
association with the forced vital capacity. FEV3/FVC ratio is an 
alternative, with fewer limitations. The identification of a 
significant burden of small airways obstruction in several world 
regions has important implications for global health, especially 
considering the potential for isolated small airways obstruction 
to be used as a predictive marker of future obstructive lung 
disease. Future research should investigate whether small 
airways obstruction is associated with accelerated decline in 
lung function and increased symptom burden, especially in 
individuals with otherwise normal lung function.
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showed that risk factors for small airways obstruction are 
shared with chronic obstructive pulmonary disease, 
suggesting that small airways obstruction is an early 
marker of obstructive lung disease.

To our knowledge, no study has attempted to estimate 
the prevalence of small airways obstruction and its 
associated risk factors across several world regions. Due 
to little research on this topic, substantial knowledge 
gaps still exist. Replication of previous findings and 
evaluation of the performance of different spirometry 
parameters are needed before small airways obstruction 
as an early marker for obstructive lung disease can be 
used for clinical and policy decision making. We aimed 
to estimate the prevalence of small airways obstruction, 
examine the associations of risk factors, and compare the 
findings for two different spirometry parameters in 
several world regions.

Methods
Study design and participants
The Burden of Obstructive Lung Disease (BOLD) study is 
a multinational cross-sectional study, and the protocol 
has been published elsewhere.14 Briefly, adults aged 
40 years or older who were not living in an institution 
were identified and recruited from 41 municipalities 
(most of which were urban) with populations larger 
than 150 000 people, across 34 countries in all WHO 
world regions. Participants were recruited from areas 
with meaningful administrative boundaries, using 
site-specific sampling strategies to randomly obtain 
representative samples of the populations. Site-specific 
sampling strategies included cluster sampling, stratified 
cluster sampling, stratified random sampling, random 
digit dialling, and simple random sampling. A 
participant's data were included in this study if they 
had completed the core study questionnaire and had 
acceptable spirometry according to predefined quality 
criteria.15 Participants were excluded if they had a 
contraindication for lung function testing.

Ethical approval was obtained by each site from the 
local ethics committee, and written informed consent 
was obtained from every participant. All sites followed 
good clinical practice and local ethics regulations.

Procedures
Information on respiratory symptoms, health status, 
and exposure to potential risk factors was collected by 
trained fieldworkers, who administered standardised 
question naires translated into the local language. Lung 
function, including the forced expiratory volume in 1 s 
(FEV1), forced vital capacity (FVC), forced expiratory 
volume in 3 s (FEV3), and FEF25–75, was measured using 
the EasyOne Spirometer (ndd Medizintechnik, Zurich, 
Switzerland) before and 15 min after inhaled salbutamol 
(200 μg). Spirograms were centrally reviewed and 
assigned a quality score on the basis of acceptability and 
reproducibility criteria.15 Data for sex were self-reported 

by study participants in the core questionnaire, with the 
options of male or female.

We defined small airways obstruction—pre-
bronchodilator (ie, before administration of 200 μg 
salbutamol) and post-bronchodilator (ie, after 
administration of 200 μg salbutamol)—in two ways: 
FEF25–75 less than the lower limit of normal (LLN) or 
FEV3/FVC ratio less than the LLN. Salbutamol is used 
as a bronchodilator to establish whether the obstruction 
is reversible. Pre-bronchodilator estimates include 
individuals with reversible airflow obstruction (who no 
longer have a detectable abnormality after adminis-
tration) and those with chronic airflow obstruction. 
Post-bronchodilator estimates reflect only individuals 
with chronic small airways obstruction. Both types of 
obstruction are important to investigate, because risk 
factors might differ. To calculate the LLN, we used 
sex-specific coefficients for age and height from 
reference equations for European Americans in the 
third US National Health and Nutrition Examination 
Survey (NHANES).11,16 Additionally, we defined isolated 
small airways obstruction, in which the FEF25–75 or 
FEV3/FVC ratio was less than the LLN, with an 
FEV1/FVC ratio equal to or greater than the LLN. We 
also defined airflow obstruction as pre-bronchodilator 
FEV1/FVC ratio less than the LLN, chronic airflow 
obstruction as post-bronchodilator FEV1/FVC ratio less 
than the LLN, and spirometric restriction as post-
bronchodilator FVC less than the LLN.

We investigated potential risk factors, including age, 
categorised as 40–49 years, 50–59 years, 60–69 years, and 
70 years or older; BMI, categorised as underweight 
(<18·5 kg/m²), healthy (18·5–24·9 kg/m²), overweight 
(25·0–30·0 kg/m²), and obese (>30·0 kg/m²); education, 
categorised as none, primary (ie, classified as grades 1–8 
or 1–9 depending on site), secondary school (ie, classified 
as grades 9–12 or 10–12 depending on site), and technical 
or vocational college or university; pack-years of 
smoking, categorised as 1–5 pack-years, 6–15 pack-years, 
16–25 pack-years, and more than 25 pack-years; smoking 
status, categorised as never, former, and current; passive 
smoking (ie, whether somebody else smoked in the 
participant’s home in the past 2 weeks); previous history 
of tuberculosis diagnosis by a doctor; family history of 
chronic obstructive pulmonary disease (ie, mother, father, 
sister, or brother ever diagnosed with emphysema, 
chronic bronchitis, or chronic obstructive pulmonary 
disease by a doctor); dusty job (left to participant 
interpretation) for more than 10 years; and solid fuels for 
cooking or heating for more than 6 months in a lifetime.

Outcomes
The primary outcomes were the prevalence of pre-
bronchodilator and post-bronchodilator small airways 
obstruction, defined by FEF25–75 less than the LLN or 
FEV3/FVC ratio less than the LLN; the associations of risk 
factors with small airways obstruction; and the difference 
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between the two small airways obstruction parameters. 
These outcomes were assessed in participants with 
acceptable spirometry according to predefined criteria, 
excluding participants for whom data were missing for 
FEV3/FVC ratio or FEF25–75. Secondary outcomes included 
prevalence of isolated small airways obstruction and risk 
factors for isolated small airways obstruction, which were 
assessed by exclusion of participants with established 
airflow obstruction (FEV1/FVC ratio <LLN). We also 
examined agreement between parameters.

Statistical analysis
We estimated the prevalence of pre-bronchodilator and 
post-bronchodilator small airways obstruction for each 
study site, allowing for sampling weights and stratification 
or clustering at each site. We evaluated the concordance of 
the two parameters to define small airways obstruction 
using the Cohen’s κ coefficient. We used multivariable 
logistic regression to assess the association of small 
airways obstruction with risk factors in each site and then 
pooled estimates using random-effects meta-analysis.17 I² 
was used to summarise heterogeneity. Heterogeneity was 
considered significant if the p values from the χ² test were 
less than 0·05. We also regressed FEF25–75 (L/s) and 
FEV3/FVC ratio (%), as continuous proxies for small 
airways obstruction, against the same potential risk factors. 
We included and mutually adjusted for all risk factors in 
the regression models for each site. The model for FEF25–75 
was additionally adjusted for FVC (L), because they are 
correlated.10 In secondary analyses, we re-ran the models, 
excluding participants with established airflow obstruction 
(FEV1/FVC ratio <LLN). All analyses were performed 
using Stata version 17 and corrected for sampling weights.

Role of the funding source
The funders of the study had no role in study design, 
data collection, data analysis, data interpretation, or 
writing of the report.

Results
36 618 participants were recruited between Jan 2, 2003, 
and Dec 26, 2016. We collected data for participants at 
recruitment. A total of 28 604 participants had acceptable 
spirometry and completed the core study questionnaire. 
Due to missing or unreliable data, 2161 participants 
were excluded for FEV3/FVC ratio and 2643 participants 
were excluded for FEF25–75. Data were available for 
26 443 participants for FEV3/FVC ratio and 25 961 
participants for FEF25–75.

The baseline characteristics of the participants included 
in the study are shown in table 1. There were slightly 
more women than men (12 490 men and 13 953 women), 
and overall mean age ranged from 46·8 years to 
63·4 years across sites. The proportion of people who 
had ever smoked varied considerably from 1% 
(ten of 694 participants) in Sémé-Kpodji, Benin, to 61% 
(394 of 647 participants) in Uitsig and Ravensmead, 
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South Africa, as did cumulative smoking (ie, pack-years) 
and passive smoking exposure. The proportion of 
participants educated above primary level also varied 
drastically. Having a family history of chronic obstructive 
pulmonary disease was most common in Lexington, KY, 
USA, and a previous history of tuberculosis was most 
prevalent in Uitsig and Ravensmead, South Africa. The 
proportion of participants working in a dusty job for 
more than 10 years was lowest in Srinagar, India, and 
highest in Tirana, Albania. Spirometry results for each 
study site are summarised in appendix 11 (pp 1–2).

Prevalence estimates for small airways obstruction 
are shown in appendix 11 (p 6). The prevalence of 
pre-bronchodilator small airways obstruction ranged 
from 5% (34 of 624 participants) in Tartu, Estonia, to 34% 
(189 of 555 participants) in Mysore, India, for FEF25–75  

less than the LLN (figure A). For FEV3/FVC ratio less 
than the LLN, prevalence estimates ranged from 5% 
(31 of 684 participants) in Riyadh, Saudi Arabia, to 31% 
(287 of 924 participants) in Salzburg, Austria (figure B). 
Post-bronchodilator esti mates were universally lower 
than pre-bronchodilator estimates. Compared with other 
regions, prevalence estimates were generally higher for 
European sites for FEV3/FVC ratio less than the LLN but 
lower for European sites for FEF25–75 less than the LLN. 
The κ coefficient ranged from 0·41 to 0·54 across regions 
(appendix 11 pp 3–5). When stratifying by sex, prevalence 
estimates appeared similar for FEF25–75 less than the 
LLN but higher in men for the FEV3/FVC ratio 
less than the LLN (appendix 11 pp 7–8).

In people with pre-bronchodilator small airways 
obstruction, 66% (2821 of 4294) of participants for 

Figure: Prevalence estimates of small airways obstruction for each study site, stratified by WHO region
(A) Prevalence as estimated by mean forced expiratory flow rate between 25% and 75% of the forced vital capacity less than the lower limit of normal. (B) Prevalence 
as estimated by ratio of forced expiratory volume in 3 s to forced vital capacity less than the lower limit of normal.
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FEV3/FVC ratio less than the LLN and 53% (2657 of 4967) 
of participants for FEF25–75 less than the LLN also had 
airflow obstruction. For FEV3/FVC ratio less than the LLN, 
15% (641 of 4177) of participants with small airways 
obstruction and both pre-bronchodilator and post-
bronchodilator measurements had reversible airflow 
obstruction, and for FEF25–75 less than the LLN, 
18% (787 of 4469) of participants with both pre-
bronchodilator and post-bronchodilator measurements 
had reversibility according to the American Thoracic 
Society and European Respiratory Society definition.18 
Additionally, 18% (736 of 4205) of participants with small 
airways obstruction for FEV3/FVC ratio less than the LLN, 
in whom FVC was measured post-bronchodilator, and 
41% (1861 of 4514) of participants with small airways 
obstruction for FEF25–75 less than the LLN, in whom FVC 
was measured post-bronchodilator, also had spirometric 
restriction. Participants with small airways obstruction 
with FEF25–75 less than the LLN had a lower FVC and 
higher FEV1/FVC ratio than participants with small 
airways obstruction using FEV3/FVC ratio less than 
the LLN (table 2).

Pre-bronchodilator small airways obstruction was 
significantly associated with sex, age, BMI, current and 
former smoking, pack-years of smoking, working in 
a dusty job for more than 10 years, family history of 
chronic obstructive pulmonary disease, and previous 
tuberculosis. Notably, previous tuberculosis was associated 
with small airways obstruction mostly in Uitsig and 

Ravensmead, South Africa, Tartu, Estonia, and Manila, 
Phillipines, where tuberculosis was most prevalent, and 
working in a dusty job for more than 10 years was 
associated with small airways obstruction mostly in the 
Western Pacific region, especially in Manila, Philippines, 
and Penang, Malaysia (data not shown). For both FEF25–75 
less than the LLN (table 3) and FEV3/FVC ratio less than 
the LLN (table 4) the magnitude of these associations was 
similar, except for increasing age, which was associated 
with increased odds of small airways obstruction for 
FEV3/FVC ratio less than the LLN and decreased odds of 
small airways obstruction for FEF25–75 less than the LLN. A 
1 L increase in FVC was significantly associated with 
reduced odds of small airways obstruction for FEF25–75 
less than the LLN (odds ratio [OR] 0·28, 95% CI 
0·24–0·33). Post-bronchodilator small airways obstruction 
was also associated with passive smoking (FEV3/FVC ratio 
less than the LLN only) and low level of education (ie, 
none to primary education). Female sex was associated 
with reduced odds of small airways obstruction in the 
logistic regression but was not significantly associated 
with the continuous measure FEF25–75. Additionally, low 
BMI was associated with increased odds of post-
bronchodilator small airways obstruction for FEV3/FVC 
ratio less than the LLN but not significantly associated 
with the FEV3/FVC ratio as a continuous measure. The 
association between increasing age and reduced odds of 
small airways obstruction for FEF25–75 less than the LLN was 
not supported by the results of the linear regression. 
Otherwise, results of the linear and logistic regression 
analyses showed a similar pattern (table 3, 4; 
appendix 11 pp 9–12).

There was moderate heterogeneity across sites for the 
association of small airways obstruction (defined as 
FEF25–75 <LLN) with sex, age, current and former smoking, 
pack-years of smoking, and low level of education (ie, 
none to primary education). Heterogeneity was generally 
lower for associations with small airways obstruction 
defined as FEV3/FVC ratio less than the LLN. Post-
bronchodilator associations showed lower heterogeneity 
across sites than pre-bronchodilator associations 
(table 3 and 4).

Secondary analyses excluding participants with 
established airflow obstruction (FEV1/FVC ratio <LLN) 
showed universally lower prevalence estimates than the 
main analyses, which included these participants 
(appendix 11 pp 6, 13). Pre-bronchodilator, prevalence of 
an isolated small airways obstruction for FEF25–75 

less than the LLN ranged from 1% (seven of 507) of 
participants in Tartu, Estonia, to 27% (132 of 491) of 
participants in Mysore, India, and for FEV3/FVC ratio 
less than the LLN from 1% (eight of 646) of participants 
in Riyadh, Saudi Arabia, to 14% (95 of 697) of participants 
in Salzburg, Austria. Post-bronchodilator estimates 
were lower. The κ coefficient ranged from 0·13 to 0·25, 
indicating fair agreement between parameters 
(appendix 11 p 5). Risk factors associated with isolated 

Small airways obstruction Isolated small airways obstruction

FEF25–75 (<LLN) FEV3/FVC (<LLN) FEF25–75 (<LLN and 
FEV1/FVC ≥LLN)

FEV3/FVC (<LLN and 
FEV1/FVC ≥LLN)

Pre-bronchodilator

Total participants with 
small airways obstruction, n

4967 4294 2120 1459

FEV1, L 1·9 (0·6) 2·01 (0·8) 1·9 (0·5) 2·5 (0·8)

FEV3, L 2·4 (0·8) 2·6 (1·0) 2·3 (0·7) 2·8 (1·0)

FVC, L 2·8 (1·0) 3·2 (1·1) 2·6 (0·8) 3·5 (1·1)

FEV1/FVC 66·5 (10·0) 63·3 (10·1) 74·0 (3·8) 71·9 (5·7)

FEF25–75, L/s 1·1 (0·6) 1·1 (0·7) 1·3 (0·4) 1·6 (0·7)

FEV3/FVC 84·0 (8·0) 78·9 (11·0) 88·8 (4·3) 80·6 (14·9)

Post-bronchodilator

Total participants with 
small airways obstruction, n

3529 3044 1624 949

FEV1, L 1·8 (0·6) 2·0 (0·8) 1·9 (0·5) 2·5 (0·8)

FEV3, L 2·3 (0·8) 2·6 (1·0) 2·2 (0·7) 2·9 (1·1)

FVC, L 2·7 (0·9) 3·3 (1·1) 2·5 (0·8) 3·6 (1·1)

FEV1/FVC 66·1 (10·8) 62·0 (10·8) 74·4 (4·1) 71·7 (6·5)

FEF25–75, L/s 1·1 (0·5) 1·1 (0·7) 1·3 (0·4) 1·6 (0·7)

FEV3/FVC 83·9 (8·5) 78·1 (11·7) 89·5 (3·9) 79·7 (17·2)

Data are mean (SD) unless otherwise stated. FEV1=forced expiratory volume in 1 s. FEV3=forced expiratory volume 
in 3 s. FVC=forced vital capacity. FEF25–75=mean forced expiratory flow rate between 25% and 75% of the FVC. 
FEV3/FVC=FEV3 as a ratio of the FVC. FEV1/FVC=FEV1 as a ratio of the FVC. LLN=lower limit of normal given age and sex 
using reference equations from the National Health and Nutrition Examination Survey.11,16

Table 2: Summary spirometry results for BOLD participants with small airways obstruction
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small airways obstruction for both FEF25–75 

less than the LLN and FEV3/FVC ratio 
less than the LLN were similar to those of small airways 
obstruction (appendix 11 pp 14–17).

Discussion
To the best of our knowledge, this is the first large 
population-based study to investigate the prevalence of 
small airways obstruction and its risk factors across 
several world regions. Our study shows that there is 

considerable variation in the prevalence of small airways 
obstruction worldwide, and that small airways obstruc tion 
is generally more common than airflow obstruction and 
chronic airflow obstruction. Additionally, we have shown 
that prevalence estimates vary depending on the choice of 
spirometry parameter. Overall, we found significant 
associations between small airways obstruction and both 
active and passive tobacco smoking, BMI, age, education 
level, working in a dusty job for longer than 10 years, 
family history of chronic obstructive pulmonary disease, 

Pre-bronchodilator small airways 
obstruction (FEF25–75 <LLN)

Pre-bronchodilator FEF25–75 (L/s) Post-bronchodilator small airways 
obstruction (FEF25–75 <LLN)

Post-bronchodilator FEF25–75 (L/s)

OR (95% CI) I², % χ2 hetero-
geneity 
p value

Regression 
coefficient 
(95% CI)*

I², % χ2 hetero-
geneity 
p value

OR (95% CI) I², % χ2 hetero-
geneity 
p value

Regression 
coefficient 
(95% CI)*

I², % χ2 hetero-
geneity 
p value

Female 0·51 
(0·43 to 0·59)

50·0% <0·0001 –0·03 
(–0·09 to 0·02)

72·2% <0·0001 0·49 
(0·41 to 0·59)

42·8% 0·0020 –0·07 
(–0·13 to –0·02)

74·0% <0·0001

Age

40–49 years 1 (ref) ·· ·· 1 (ref) ·· ·· 1 (ref) ·· ·· 1 (ref) ·· ··

50–59 years 0·69 
(0·61 to 0·79)

47·0% 0·0010 –0·30 
(–0·34 to –0·25)

53·8% <0·0001 0·84 
(0·73 to 0·97)

48·8% <0·0001 –0·37 
(–0·40 to –0·33)

47·1% <0·0001

60–69 years 0·39 
(0·32 to 0·46)

50·1% <0·0001 –0·59 
(–0·63 to –0·54)

50·3% <0·0001 0·59 
(0·48 to 0·70)

51·5% <0·0001 –0·71 
(–0·76 to –0·66)

63·6% <0·0001

≥70 years 0·08 
(0·05 to 0·11)

52·1% <0·0001 –0·80 
(–0·88 to –0·73)

71·3% <0·0001 0·15 
(0·11 to 0·21)

45·0% 0·0030 –0·95 
(–1·04 to –0·85)

78·8% <0·0001

BMI, kg/m²

<18·5 1·57 
(1·28 to 1·91)

12·7% 0·16 –0·03 
(–0·11 to 0·05)

49·3% 0·0010 1·83 
(1·46 to 2·30)

20·0% 0·31 –0·10 
(–0·18 to –0·01)

64·2% <0·0001

18·5–24·9 1 (ref) ·· ·· 1 (ref) ·· ·· 1 (ref) ·· ·· 1 (ref) ·· ··

25·0–30·0 0·78 
(0·70 to 0·91)

40·0% 0·0050 0·13 
(0·10 to 0·15)

31·6% 0·042 0·83 
(0·73 to 0·93)

14·7% 0·37 0·13 
(0·09 to 0·16)

41·3% 0·0030

>30·0 0·71 
(0·61 to 0·82)

34·0% 0·037 0·19 
(0·15 to 0·23)

55·4% <0·0001 0·78 
(0·66 to 0·90)

27·7% 0·092 0·19 
(0·15 to 0·24)

43·7% 0·0020

Smoking status

Never 1 (ref) ·· ·· 1 (ref) ·· ·· 1 (ref) ·· ·· 1 (ref) ·· ··

Current 2·80 
(2·30 to 3·41)

62·0% <0·0001 –0·27 
(–0·33 to –0·21)

65·8% <0·0001 2·48 
(2·02 to 3·07)

44·0% 0·0030 –0·31 
(–0·38 to –0·24)

73·7% <0·0001

Former 2·03 
(1·79 to 2·30)

3·2% 0·39 –0·15 
(–0·21 to –0·08)

72·1% <0·0001 1·70 
(1·37 to 2·14)

60·4% <0·0001 –0·18 
(–0·27 to –0·09)

86·4% <0·0001

Smoking history

Never 1 (ref) ·· ·· 1 (ref) ·· ·· 1 (ref) ·· ·· 1 (ref) ·· ··

1–5 pack-years 1·40 
(1·14 to 1·70)

0·0% 0·61 –0·05 
(–0·12 to 0·01)

57·8% <0·0001 1·36 
(1·02 to 1·81)

40·6% 0·018 –0·06 
(–0·14 to 0·03)

81·4% <0·0001

6–15 pack-years 1·62 
(1·35 to 1·94)

14·7% 0·23 –0·15 
(–0·20 to –0·10)

33·6% 0·028 1·71 
(1·40 to 2·08)

11·0% 0·46 –0·15 
(–0·21 to –0·10)

39·0% <0·0001

16–25 pack-years 2·41 
(1·93 to 3·00)

31·5% 0·018 –0·29 
(–0·37 to –0·21)

65·7% <0·0001 2·59 
(2·07 to 3·25)

28·3% 0·11 –0·28 
(–0·38 to –0·18)

78·0% <0·0001

>25 pack-years 2·80 
(2·26 to 3·46)

46·5% 0·0010 –0·40 
(–0·46 to –0·34)

53·3% <0·0001 3·63 
(2·89 to 4·55)

36·6% 0·036 –0·48 
(–0·55 to –0·42)

50·5% <0·0001

Passive smoking† 1·02 
(0·92 to 1·13)

0·0% 0·60 –0·07 
(–0·12 to –0·01)

73·3% <0·0001 1·09 
(0·98 to 1·22)

0·0% 0·62 –0·08 
(–0·12 to –0·03)

56·4% <0·0001

Education level

None to primary 1·06 
(0·92 to 1·21)

7·0% 0·33 –0·05 
(–0·09 to –0·00)

52·7% <0·0001 1·25 
(1·03 to 1·52)

40·9% 0·0050 –0·07 
(–0·11 to –0·02)

52·4% <0·0001

Secondary 0·96 
(0·84 to 1·10)

0·0% 0·25 0·00 
(–0·04 to 0·04)

47·5% <0·0001 1·04 
(0·87 to 1·25)

25·8% 0·099 –0·01 
(–0·06 to 0·04)

51·0% 0·0010

Tertiary† 1 (ref) ·· ·· 1 (ref) ·· ·· 1 (ref) ·· ·· 1 (ref) ·· ··

(Table 3 continues on next page)
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Pre-bronchodilator small airways 
obstruction (FEF25–75 <LLN)

Pre-bronchodilator FEF25–75 (L/s) Post-bronchodilator small airways 
obstruction (FEF25–75 <LLN)

Post-bronchodilator FEF25–75 (L/s)

OR (95% CI) I², % χ2 hetero-
geneity 
p value

Regression 
coefficient 
(95% CI)*

I², % χ2 hetero-
geneity 
p value

OR (95% CI) I², % χ2 hetero-
geneity 
p value

Regression 
coefficient 
(95% CI)*

I², % χ2 hetero-
geneity 
p value

(Continued from previous page)

Dusty job for >10 years 1·23 
(1·08 to 1·39)

19·7% 0·20 –0·07 
(–0·10 to –0·05)

2·0% 0·56 1·23 
(1·09 to 1·39)

0·0% 0·56 –0·07 
(–0·10 to –0·03)

13·9% 0·20

Solid fuels for cooking or 
heating for >6 months in 
a lifetime

1·00 
(0·88 to 1·13)

16·8% 0·12 0·02 
(–0·09 to 0·12)

93·0% <0·0001 1·07 
(0·92 to 1·24)

27·7% 0·028 0·01 
(–0·12 to 0·14)

94·4% <0·0001

Family history of chronic 
obstructive pulmonary 
disease§

1·27 
(1·08 to 1·50)

21·5% 0·21 –0·08 
(–0·12 to –0·05)

4·6% 0·19 1·41 
(1·20 to 1·65)

2·2% 0·65 –0·09 
(–0·13 to –0·05)

2·3% 0·054

Ever diagnosed with 
tuberculosis by a doctor

2·05 
(1·42 to 2·95)

48·0% <0·0001 –0·28 
(–0·34 to –0·10)

78·7% <0·0001 2·73 
(2·08 to 3·59)

11·6% 0·32 –0·27 
(–0·39 to –0·14)

72·5% <0·0001

Presence of small airways obstruction was defined as FEF25–75 <LLN, given age, sex, and height using European American reference equations from the National Health and Nutrition Examination Survey.11,16 Pack-
years were calculated by number of cigarettes smoked per day divided by 20 and multiplied by years of smoking. Risk factors were identified a priori. We attempted to include all risk factors in the regression 
models for each centre for small airways obstruction. However, on occasion the exposed group for solid fuel use, family history of chronic obstructive pulmonary disease, and previous history of tuberculosis were 
small and did not include any participants with small airways obstruction. In these instances, the effect of the risk factor was not estimated for that site. Likewise, for solid fuel use, some sites reported usage close 
to or at 100%. In these instances, sites were excluded due to perfect prediction of success. Information on solid fuel use was not collected for Australia, Germany, Norway, and Sweden. No participants with 
previous history of tuberculosis were identified for Tunisia, Trinidad and Tobago, Malaysia, and Mysore, India. No instances of family history of chronic obstructive pulmonary disease were identified for Mumbai, 
India, and Benin. OR=odds ratio. FEF25–75=mean forced expiratory flow between 25% and 75% of the forced vital capacity. FEV1/FVC=forced expiratory volume in 1 s as a ratio of the forced vital capacity. LLN=lower 
limit of normal. *Negative regression coefficient indicates a reduction in FEF25–75 (ie, worsened lung function). †Defined as somebody else smoking in the participant’s home in the past 2 weeks. ‡Classified as 
technical or vocational college or university. §Mother, father, sister, or brother ever diagnosed with emphysema, chronic bronchitis, or chronic obstructive pulmonary disease by a doctor.

Table 3: Adjusted pooled estimates of effects of risk factors on small airways obstruction, using FEF25–75 <LLN, and on FEF25–75

Pre-bronchodilator small airways 
obstruction (FEV3/FVC <LLN)

Pre-bronchodilator % FEV3/FVC Post-bronchodilator small airways 
obstruction (FEV3/FVC <LLN)

Post-bronchodilator % FEV3/FVC

OR (95% CI) I², % χ2 hetero-
geneity 
p value

Regression 
coefficient
(95% CI)*

I², % χ2 hetero-
geneity 
p value

OR (95% CI) I², % χ2 hetero-
geneity 
p value

Regression 
coefficient
(95% CI)*

I², % χ2 hetero-
geneity 
p value

Female 0·85 
(0·74 to 0·98)

48·0 <0·0001 0·32 
(0·06 to 0·58)

59·3 <0·0001 0·83 
(0·72 to 0·95)

29·8 0·030 0·56 
(0·35 to 0·78)

51·9 <0·0001

Age

40–49 years 1 (ref) ·· ·· 1 (ref) ·· ·· 1 (ref) ·· ·· 1 (ref) ·· ··

50–59 years 1·37 
(1·20 to 1·56)

36·3 0·026 –1·83 
(–2·10 to –1·56)

73·2 <0·0001 1·68 
(1·44 to 1·96)

34·3 0·022 –1·80 
(–2·03 to –1·57)

70·1 <0·0001

60–69 years 2·00 
(1·74 to 2·29)

30·1 0·052 –3·75 
(–4·02 to –3·48)

45·4 0·0010 2·49 
(2·01 to 2·98)

48·3 <0·0001 –3·75 
(–4·03 to –3·47)

57·7 <0·0001

≥70 years 2·47 
(2·12 to 2·88)

14·4 0·17 –5·65 
(–6·24 to –5·01)

74·6 <0·0001 3·29 
(2·74 to 3·94)

22·8 0·049 –5·58 
(–6·16 to –5·01)

75·6 <0·0001

BMI, kg/m²

<18·5 1·55 
(1·25 to 1·92)

16·9 0·34 –0·87 
(–2·51 to 0·77)

93·7 <0·0001 1·79 
(1·43 to 2·25)

18·2 0·50 –0·82 
(–2·55 to 0·84)

93·7 <0·0001

18·5–24·9 1 (ref) ·· ·· 1 (ref) ·· ·· 1 (ref) ·· ·· 1 (ref) ·· ··

25·0–30·0 0·85 
(0·78 to 0·94)

0·0 0·54 0·33 
(0·15 to 0·52)

22·8 0·10 0·82 
(0·73 to 0·92)

9·2 0·56 0·41 
(0·21 to 0·60)

38·2 0·0090

>30·0 0·70 
(0·62 to 0·79)

2·7 0·72 0·72 
(0·43 to 1·00)

57·9 <0·0001 0·64 
(0·54 to 0·75)

17·2 0·37 0·81 
(0·56 to 1·06)

49·3 0·0010

Smoking status

Never 1 (ref) ·· ·· 1 (ref) ·· ·· 1 (ref) ·· ·· 1 (ref) ·· ··

Current 2·17 
(1·82 to 2·61)

51·0 <0·0001 –1·59 
(–1·97 to –1·20)

69·3 <0·0001 2·87 
(2·32 to 3·57)

56·9 <0·0001 –1·74 
(–2·10 to 1·38)

66·3 <0·0001

Former 1·80 
(1·56 to 2·08)

27·9 0·028 –1·60 
(–2·29 to –0·92)

89·7 <0·0001 1·95 
(1·66 to 2·30)

32·4 0·0090 –1·62 
(–2·31 to –0·93)

91·4 <0·0001

(Table 4 continues on next page)
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and previous tuberculosis but not for use of solid fuels for 
cooking and heating.

Due to absence of a gold standard, we used both 
FEF25–75 and FEV3/FVC ratio to estimate the prevalence 
of small airways obstruction. In this study, we found 
that a 1 L increase in FVC was associated with 
significantly reduced odds of small airways obstruction 
when using FEF25–75 less than the LLN. Normal reference 
ranges for FEF25–75 are affected by variability in both 
expiratory flows and FVC, which leads to large reference 
intervals around predicted values.10 Due to this 
variability, FEF25–75 less than the LLN has been shown at 
extremes of age to incorrectly classify the presence of 
airflow obstruction.11 FEV3/FVC ratio does not have the 

same limitations as FEF25–75, as it accounts for variation 
in the FVC and therefore has a more acceptable 
between-person coefficient of variation.

We defined small airways obstruction as FEF25–75 or 
FEV3/FVC ratio less than the LLN according to the 
NHANES reference equations.11,16 The LLN is more 
appropriate than arbitrary percent predicted cutoffs, 
which are prone to misclassification of obstructive lung 
disease.19 FEF25–75 is particularly prone to misclassification, 
for which the LLN as a percentage of the predicted 
normal value decreases substantially with increasing 
age.16 We chose to use the NHANES reference equations 
for European Americans, because prevalence estimates 
for chronic airflow obstruction have been shown to be 

Pre-bronchodilator small airways 
obstruction (FEV3/FVC <LLN)

Pre-bronchodilator % FEV3/FVC Post-bronchodilator small airways 
obstruction (FEV3/FVC <LLN)

Post-bronchodilator % FEV3/FVC

OR (95% CI) I², % χ2 hetero-
geneity 
p value

Regression 
coefficient
(95% CI)*

I², % χ2 hetero-
geneity 
p value

OR (95% CI) I², % χ2 hetero-
geneity 
p value

Regression 
coefficient
(95% CI)*

I², % χ2 hetero-
geneity 
p value

(Continued from previous page)

Smoking history

Never 1 (ref) ·· ·· 1 (ref) ·· ·· 1 (ref) ·· ·· 1 (ref) ·· ··

1–5 pack-years 1·26 
(1·03 to 1·52)

15·6 0·20 –0·37 
(–0·72 to –0·03)

36·7 0·012 1·53 
(1·26 to 1·87)

2·4 0·30 –0·43 
(–0·70 to –0·15)

32·9 0·012

6–15 pack-years 1·76 
(1·52 to 2·03)

0·0 0·66 –0·91 
(–1·23 to –0·60)

36·3 0·021 1·84 
(1·55 to 2·19)

8·1 0·12 –1·02 
(–1·33 to –0·71)

42·9 0·0070

16–25 pack-years 2·13 
(1·79 to 2·54)

16·7 0·29 –1·34 
(–1·86 to –0·82)

70·7 <0·0001 2·36 
(1·93 to 2·89)

20·8 0·13 –1·25 
(–1·68 to –0·82)

65·7 <0·0001

>25 pack-years 2·96 
(2·57 to 3·40)

8·2 0·45 –2·69 
(–3·22 to –2·16)

68·5 <0·0001 3·74 
(3·09 to 4·50)

35·9 0·016 –2·74 
(–3·18 to –2·30)

53·9 <0·0001

Passive smoking† 1·00 
(0·90 to 1·12)

0·0 0·62 –0·33 
(–0·67 to 0·01)

69·2 <0·0001 1·20 
(1·06 to 1·35)

0·0 0·91 –0·22 
(–0·46 to 0·02)

51·4 <0·0001

Education level

None to primary 1·13 
(0·99 to 1·29)

13·9 0·15 –0·40 
(–0·70 to –0·10)

49·6 <0·0001 1·41 
(1·20 to 1·66)

9·7 0·64 –0·45 
(–0·75 to –0·16)

59·7 <0·0001

Secondary 1·05 
(0·93 to 1·19)

3·1 0·41 0·17 
(–0·21 to 0·25)

33·8 0·023 1·19 
(1·02 to 1·38)

0·0 0·69 –0·03 
(–0·27 to 0·21)

48·0 0·0010

Tertiary† 1 (ref) ·· ·· 1 (ref) ·· ·· 1 (ref) ·· ·· 1 (ref) ·· ··

Dusty job for >10 years 1·17 
(1·05 to 1·30)

0·0 0·81 –0·46 
(–0·69 to –0·25)

23·3 0·19 1·26 
(1·10 to 1·44)

23·0 0·057 –0·48 
(–0·72 to –0·24)

47·4 0·0010

Solid fuels for cooking or 
heating for >6 months in a 
lifetime

1·07 
(0·92 to 1·24)

42·4 0·0030 –0·15 
(–0·43 to 0·12)

58·1 <0·0001 1·05 
(0·90 to 1·23)

25·3 0·049 –0·14 
(–0·44 to 0·17)

70·0 <0·0001

Family history of chronic 
obstructive pulmonary 
disease§

1·30 
(1·11 to 1·53)

23·7 0·21 –0·45 
(–0·76 to –0·13)

36·6 0·0020 1·25 
(1·01 to 1·55)

41·4 0·0080 –0·44 
(–0·78 to –0·11)

51·1 <0·0001

Ever diagnosed with 
tuberculosis by a doctor

1·94 
(1·46 to 2·59)

0·0 0·59 –0·98 
(–1·85 to –0·11)

80·2 <0·0001 2·11 
(1·48 to 3·01)

49·8 0·0010 –0·85 
(–1·68 to –0·03)

75·4 <0·0001

Presence of small airways obstruction was defined as FEV3/FVC <LLN, given age and sex using European American reference equations from the National Health and Nutrition Examination Survey.11,16 Pack-years 
were calculated by number of cigarettes smoked per day divided by 20 and multiplied by years of smoking. Risk factors were identified a priori. We attempted to include all risk factors in the regression models for 
each centre for small airways obstruction. However, on occasion the exposed group for solid fuel use, family history of chronic obstructive pulmonary disease, and previous history of tuberculosis was small and 
did not include any participants with small airways obstruction. In these instances, the effect of the risk factor was not estimated for that site. Likewise, for solid fuel use, some sites reported usage close to or 
at 100%. In these instances, sites were excluded due to perfect prediction of success. Information on solid fuel use not collected for Australia, Germany, Norway, and Sweden. No participants with a history of 
tuberculosis were identified for Tunisia, Trinidad and Tobago, Malaysia, and Mysore, India. No instances of family history of chronic obstructive pulmonary disease were identified for Mumbai, India, and Benin. 
OR=odds ratio. FEV3/FVC=forced expiratory volume in 3 s as a ratio of the forced vital capacity. FEV1/FVC=forced expiratory volume in 1 s as a ratio of the forced vital capacity. LLN=lower limit of normal. 
*Negative regression coefficient indicates a reduction in FEV3/FVC (ie, worsened lung function). †Defined as somebody else smoking in the participant’s home in the past 2 weeks. ‡Classified as technical or 
vocational college or university. §Mother, father, sister, or brother ever diagnosed with emphysema, chronic bronchitis, or chronic obstructive pulmonary disease by a doctor.

Table 4: Adjusted pooled estimates of effects of risk factors on small airways obstruction, using FEV3/FVC <LLN, and on FEV3/FVC
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similar regardless of whether ethnicity is considered.20 
We did not use the Global Lung Initiative equations, as 
they do not include reference values for FEV3/FVC ratio.10

There was moderate agreement between FEF25–75 and 
FEV3/FVC ratio less than the LLN in the classification of 
small airways obstruction. Prevalence estimates were 
generally higher for FEF25–75 less than the LLN than 
FEV3/FVC ratio less than the LLN, especially in sites 
with a higher prevalence of spirometric restriction 
and a younger population. Xiao and colleagues13 
reported the prevalence of small airways obstruction as 
42·7% in the central south region of China. By contrast, 
we estimated prevalence of pre-bronchodilator small 
airways obstruction to be 18% (65 of 351 participants) for 
the BOLD study site of Guangzhou, China, in the same 
region. This disagreement is likely to be explained by 
different diagnostic criteria. Xiao and colleagues13 used 
two of FEF25–75, mean forced expiratory flow rate at 50% 
of the FVC, or mean forced expiratory flow rate at 75% of 
the FVC of less than 65% predicted, whereas we used 
the more conservative FEF25–75 less than the LLN. They 
also presented prevalence estimates according to a range 
of criteria. For FEF25–75 less than the LLN, they reported 
an estimate of 23·1%, and for FEV3/FVC ratio less than 
the LLN, they reported an estimate of 13·6%, which are 
both far more similar to our estimates. These differing 
results show that appropriate selection of diagnostic 
criteria is essential for comparison of results from 
different studies. For FEV3/FVC ratio less than the LLN, 
Hansen and colleagues21 estimated prevalence of 
small airways obstruction to be 16·3% in the NHANES 
study population; in comparison, we estimated pre-
bronchodilator prevalence to be 19% (71 of 375 
participants) for Lexington, KY, USA.

Two previous studies have investigated potential risk 
factors for small airways obstruction in general populations 
of adults, both based in Chinese populations.13,22 We found 
cigarette smoking to be the strongest risk factor associated 
with small airways obstruction, with a clear dose–response 
relationship. This finding agrees with both previous 
publications. We also found passive smoke exposure to be 
a risk factor for small airways obstruction; however, this 
finding was only for post-bronchodilator FEV3/FVC ratio 
less than the LLN. The association was weaker than 
previously reported,13,22 probably due to different definitions 
for passive smoking.

We found inconsistent results for the association of 
small airways obstruction with sex. Female sex was 
associated with reduced odds of small airways obstruction 
for both pre-bronchodilator and post-bronchodilator 
FEF25–75 and FEV3/FVC ratio less than the LLN. However, 
results of the multivariable linear regression were 
inconclusive. By contrast, Xiao and colleagues13 reported a 
strong association between female sex and increased 
odds of small airways obstruction. An increased risk is 
logical, as women have smaller conducting airways than 
men, and animal studies have shown a link between 

oestrogen receptors and increased damage to the small 
airways in female smokers.23 Due to these conflicting 
findings, it is difficult to draw conclusions as to the true 
association of small airways obstruction with sex. We 
were unable to investigate further as stratification of our 
samples by sex led to small subgroups being excluded.

In agreement with Xiao and colleagues,13 we found 
increasing age to be associated with increased odds of pre-
bronchodilator and post-bronchodilator small airways 
obstruction for FEV3/FVC ratio less than the LLN. With 
normal ageing, there is a reduction in the number of small 
airways, contributing to an age-related decline in lung 
function.24 Despite reference equations accounting for age, 
we found a residual effect of ageing, probably representing 
cumulative exposure to unmeasured risk factors and any 
measurement error. The association of increasing age with 
reduced odds of small airways obstruction for FEF25–75 less 
than the LLN was not unexpected. Xiao and colleagues13 
reported that prevalence of small airways obstruction 
peaked between the ages of 40–49 years and declined 
thereafter.13 Despite this pattern, they still showed increased 
odds of small airways obstruction with increasing age, 
probably due to their using a younger reference group 
(ie, 20–29 years) than ours (ie, 40–49 years). A potential 
explanation for our finding is the large between-person 
variation in healthy populations for FEF25–75, which appears 
to be exacerbated at extremes of age.11

The association of high BMI with reduced odds of 
pre-bronchodilator and post-brochodilator small airways 
obstruction in our study for both FEF25–75 and 
FEV3/FVC ratio less than the LLN is similar to other 
studies of small airways obstruction and chronic 
obstructive pulmonary disease.13,25 Chen and colleagues22 
reported increased odds of small airways obstruction for a 
high waist circumference. However, BMI does not account 
for body-fat distribution, so we could not investigate this 
association. It is well known that low BMI is associated 
with chronic airflow obstruction.26 We found that low BMI 
was associated with increased odds of small airways 
obstruction for both parameters, which supports previous 
findings for small airways obstruction.13 However, due to a 
low number of participants in the low BMI group, we 
cannot provide reliable support for this association.

Low education level was associated with increased 
odds of post-bronchodilator small airways obstruction 
for both  FEF25–75 and FEV3/FVC ratio less than the LLN. 
This finding was previously seen for chronic airflow 
obstruction in the BOLD study population25 and for 
small airways obstruction in the study by Xiao and 
colleagues.13 In high-income countries, low level of 
education is associated with adverse health behaviours,27 
which potentially explains the increased risk of small 
airways obstruction in some populations. We also found 
an association between having first degree relatives with 
chronic obstructive pulmonary disease and increased 
risk of pre-bronchodilator and post-bronchodilator 
small airways obstruction for both FEF25–75 and 
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FEV3/FVC ratio less than the LLN. Xiao and colleagues13 
reported a similar association for parental history of 
chronic obstructive pulmonary disease and, although 
genetic susceptibility is a factor in obstructive lung 
diseases, this association is subject to recall bias and 
should be interpreted with care. Additionally, previous 
diagnosis of tuberculosis was associated with increased 
risk of pre-bronchodilator and post-bronchodilator 
small airways obstruction for both FEF25–75 and 
FEV3/FVC ratio less than the LLN. This associ ation was 
stronger in places where tuberculosis is more common. 
Xiao and colleagues13 did not report evidence of this 
association. However, one study showed that 
63% of patients in their post-tuberculosis treatment 
period have small airways obstruction according to 
FEF25–75.28 It is not clear whether airflow obstruction is 
down to pathological changes relating to tuberculosis or 
to associated risk factors, such as smoking.

We found that working in a dusty job for longer than 
10 years was associated with increased risk of pre-
bronchodilator and post-bronchodilator small airways 
obstruction for both FEF25–75 and FEV3/FVC ratio 
less than the LLN. Associations were strongest in the 
Western Pacific region, especially in Manila, Philippines, 
and Penang, Malaysia. Previous studies have shown how 
dust in the workplace is associated with both asthma and 
chronic obstructive pulmonary disease,29 which could 
explain the associations in our study. Further studies are 
needed to support this association, especially as type of 
dust exposure was not considered. There was no evidence 
of association between the use of solid fuels for cooking 
and heating and small airways obstruction. This null 
finding was consistent across study sites and contrasts 
with Xiao and colleagues’ findings,13 which could in part 
be explained by our different definitions of exposure, 
with their study looking at acute exposure and our study 
looking at exposure over the lifetime. Our finding agrees 
with what has previously been shown in the BOLD study 
population for chronic airflow obstruction.30

Our secondary analysis found that, worldwide, isolated 
small airways obstruction in FEF25–75 or FEV3/FVC ratio is 
fairly common. Similar to Xiao and colleagues,13 we 
found significant associations with common risk factors 
for obstructive lung disease. This finding has important 
clinical implications, as we have identified many 
individuals with small airways obstruction who would 
be classified as healthy according to traditional 
measurement indices. A potential explanation is that 
damage to the small airways occurs early in the disease 
process. Therefore, the higher prevalence of small 
airways obstruction in this study than for traditional 
airflow obstruction reflects the inclusion of individuals 
with early airflow obstruction who might progress to 
chronic airflow obstruction in later life.8,12 Only studies in 
smokers and hospital-based populations have suggested 
a link between small airways obstruction and subsequent 
chronic obstructive pulmonary disease,8,12 and further 

studies, preferably longitudinal, in general populations 
are needed.

Our study has several strengths, including a wide 
geographical coverage of representative populations, large 
sample size, and quality-assured spirometry. We also used 
the LLN to define atypical results, which is widely accepted 
to be more appropriate than percent predicted cutoffs. 
Our study also has limitations, including the absence of a 
gold-standard parameter to assess small airways 
obstruction. Although this study sheds some light on the 
appropriateness of parameters, there is still much debate 
on whether they truly assess the small airways. The choice 
of spirometry reference equations was also limited by an 
absence of up-to-date equations for FEV3/FVC ratio. 
Finally, although the associations of small airways 
obstruction with our identified risk factors are biologically 
plausible, our cross-sectional study design means that we 
could not directly investigate causality.

In conclusion, we have shown that small airways 
obstruction is common in the general population. We 
have provided support for the findings of Xiao and 
colleagues13 and identified several preventable risk 
factors. We have shown that FEF25–75 and FEV3/FVC ratio 
cannot be used interchangeably to assess small airways 
obstruction, and due to its considerable limitations, 
FEF25–75 should be used with caution. Future research 
should investigate whether isolated small airways 
obstruction is associated with accelerated decline in lung 
function, development of airway obstruction, and 
symptom burden before the assessment of small airways 
obstruction is included in clinical and policy decision 
making.
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